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1 The present invention relates to a transmit power control for network devices 
in a wireless network, in particular to a transmit power control to be per- 
formed by network devices communicating in direct mode. 

5 A typical wireless network, such as the IEEE 1394 based HIPERLAN type 2 
broadband radio access network which specification is developed by ETSI is 
shown in Fig. 3. An access point or central controller 18 has an up- and down- 
link communication with several mobile terminals 1, 15, 16, and 17 and the 
mobile terminals can also have a direct communication in-between each other 
10 so that apart from the granting of resources for peer mobile terminals, e. g. the 
first mobile terminal 1 and the second mobile terminal 15, the access point or 
central controller 18 is not involved in the communication. Such direct com- 
munications in-between two or more mobile terminals are called direct mode. 
An IEEE 1394 bus with connected network devices is exemplary shown only for 

15 the fourth mobile terminal 17. 

For access point based wireless networks, i. e. for up- and downlink traffic, a 
transmit power control method is known according to which for uplink trans- 
mit power control the access point or central controller indicates its used 

20 transmit power and its desired received power levels. Based on these values 
and a measurement of the received signal strength each of the mobile termi- 
nals regulates its transmit power level to achieve a constant received power at 
the access point or central controller 18. Thus, each of the first to fourth 
mobile terminals 1. 15. 16, 17 regulates its transmit power level individually 

25 independent of the transmit power of the other mobile terminals. Furtheron. 
the transmit power level of the access point or central controller 18 is often 
chosen so that all mobile terminals 1. 15, 16. 17 have sufficient reception. 

On the other hand, no transmit power control is performed in direct mode, but 
30 the mobile terminals always use a maximum transmit power level to be able to 
establish the maximum number of direct communications. Therefore, all the 
advantages of transmit power control introduced for up- and downlink traffic 
disappear when direct connections are set up. 

Therefore, it is the object of the present invention to achieve the advantages of 
a transmit power control within a wireless network not only in up- and down- 



ii 



MULLER & HOFFMANN 

Sony International (Europe) GmbH 



File: 51.919 



23.06. 1999 



1 link mode, but also in direct mode. 

To solve this object a network device according to the present invention is 
defined in independent claim 1 and a method to perform a transmit power con- 
5 trol in-between two network devices of a wireless network according to the 
present invention is defined in independent claim 6. Preferred embodiments 
thereof are respectively defined in the dependent claims. 

A network device for a wireless network according to the present invention is 
10 characterized by means to adjust its transmit power on the basis of a recom- 
mendation for the transmit power regulation received from another network 
device and to generate a recommendation for the transmit power regulation for 
another network device on basis of the signal received from said other network 
device. 

15 

Therefore, a network device according to the present invention enables a direct 
setting of the transmit power for a communication in-between peer network de- 
vices by exchanging messages in which recommendations for power control are 
carried. 

20 

A method to perform a transmit power control in-between a first network de- 
vice and a second network device of a wireless network according to the 
present invention therefore comprises the steps to transmit a message from 
the first network device to the second network device, measuring the received 
25 signal quality within the second network device and replying to the first net- 
work device by giving a recommendation to the first network device how to ad- 
just its power level according to the measured received signal quality and the 
wanted received signal quality. 

30 Therefore, according to the inventive method, a receiving network device com- 
municates a recommendation to the sending network device how to increase or 
decrease its transmit power level. This directly leads to an adaptation of the 
received signal strength to the signal strength desired by the receiving device. 
Therefore, the receiving device itself can adjust the strength of a signal incom- 

35 ing from another device to its optimal signal reception point. 



Preferably, a network device according to the present invention ensures that a 
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1 maximum number of direct communications can be set up, since an adequate 
transmit power is initially used to reach the maximum number of mobile ter- 
minals. 

5 According to the present invention, preferably the maximum transmit power 
level or in case that information about the link quality in-between the peer 
network devices is known an accordingly lower transmit power level is used as 
appropriate power level. The information about the radio link quality between 
peer network devices can either be taken from a topology map of the network 
10 that shows the radio link quality between all network devices of the network or 
in case a message has recently been received from the network device to which 
the link quality is in question, it can be based on the received signal quality of 
this message. 

15 The adjustment of the transmit power of the second network device of the peer 
network devices is performed in the same way as the adjustment of the first 
network device, but the message giving a recommendation to the first network 
device how to adjust its power level will be used by the first network device to 
measure the received signal quality and to give a recommendation to the sec- 

20 ond network device how to adjust its power level. 

According to a further preferred embodiment of the inventive method, a trans- 
mit power control is performed in that an adjustment of the transmit power of 
a network device is performed every time said device receives a recommenda- 

25 tion to change its transmit power level. Further preferably a recommendation 
to change the transmit power level is given to a transmitting device whenever 
the received power level exceeds a maximum deviation of the wanted received 
signals strength. Therewith, a dynamic update of the transmit power level is 
achieved which does not need an excitation from outside, e. g. from the central 

30 controller. 

Basically, every wireless network supporting direct mode can be adapted ac- 
cording to the present invention. Preferably the present invention is used 
within an IEEE 1394 based HIPERLAN type 2 network. A network device ac- 
35 cording to the present invention can either be an access point/central control- 
ler or a mobile terminal. 
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1 The present invention and its numerous preferred embodiments will better be 
understood from the following detailed description of an exemplary embodi- 
ment thereof taken in conjunction of the accompanying drawings, in which 

5 Pig. 1 shows a network device according to the present invention; 

Fig. 2 shows the messaging in-between the central controller and two 

mobile terminals during setup of a direct mode communication and transmit 
power control; and 

Fig. 3 shows an exemplary wireless network. 

10 

The mobile terminal shown in Fig. 1 is adapted to perform a direct mode trans- 
mit power control according to the present invention. The shown mobile termi- 
nal has one antenna 1 which is connected to the movable terminal of a trans- 
mit/receive selection switch 2 which fixed terminals are respectively connected 

15 to the transmitter and receiver signal path of the mobile terminal. In the re- 
ceiver signal path a receiver 3 is directly connected to the respective fixed ter- 
minal of the transmit/receive selection switch 2. This receiver 3 produces a 
data and control signal input to a controller 6 and also outputs a signal 
wherefrom a signal quality measurement unit 5 can determine the received sig- 

20 nal strength which is output to the controller 6. For the transmitter signal 
path the controller 6 outputs a data and control signal to a transmitter 4 
which modulates, up-converts and amplifies this signal to a given signal 
strength which is indicated to the transmitter 4 by a control signal generated 
by the controller 6 and outputs the generated transmission signal to the re- 

25 spective fixed terminal of the transmit/receive selection switch 2. Bi-direction- 
ally connected to the controller are a user interface 7 and a memory 8. Fur- 
theron, the controller 6 is connected to a direct mode transmit power control 
decoder 9 and a direct mode transmit power control encoder 10. 

30 The direct mode transmit power control decoder 9 receives a respective control 
signal from the receiving path via the controller 6 and decodes it to supply the 
recommendation for a change in transmit power level to the controller 6. Based 
on this recommendation, the controller 6 determines the signal strength 
needed for transmission and supplies an appropriate signal strength control 

35 signal to the transmitter 4 which then adapts its transmission power accord- 
ingly. 
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1 Based on the received signal strength determined by the signal quality meas- 
urement unit 5 which is communicated to the controller 6 and the wanted 
received signal strength of the receiver 3, which is known to the controller 6, a 
difference signal is generated within the controller 6 and supplied to the direct 

5 mode transmit power control encoder 10. Said direct mode transmit power 
control encoder 10 generates a control signal including a recommendation for 
power control and supplies it via the controller 6 as control signal to the 
transmitter 4. Said control signal is transmitted via the transmit/receive selec- 
tion switch 2 and the antenna 1 to the peer mobile terminal adapting its trans- 
10 mission power accordingly in a similar way. 

Fig. 2 shows a typical message flow according to a preferred embodiment of the 
transmit power control according to the present invention. After the connec- 
tion setup in-between a first mobile terminal having the medium access con- 
15 trol identifier, i. e MAC-ID, MT1 and a second mobile terminal 15 having the 
MAC-ID MT2, a central controller 18 with MAC-ID CC grants resources for the 
peer mobile terminals 1 and 15 to exchange transmit power control messages. 
As mentioned above, those messages mainly carry a recommendation to the 



20 value. Furtheron, source and destination identifiers, i. e. the MAC-IDs MT1 
and MT2, could be included so that the receiving mobile terminal can identify 
the link for which the recommendation is valid. This inclusion of the MAC-IDs 
is not necessary in all systems, since the receiving mobile terminal can identify 
the link for which the recommendation is valid on basis of the time slot in 

25 which the recommendation is transmitted. If wanted, the transmit power level 
of the source mobile terminal and its desired receive power level can also be 
included. The grant of resources for the peer mobile terminals 1 and 15 by the 
central controller 18 is performed in step SO. 

30 In the following step SI the first mobile terminal 1 sends a message to the sec- 
ond mobile terminal 15 comprising the information not to adjust the transmit 
power level and optionally both MAC-IDs as well as its own transmit power 
level and its desired received power level. The first mobile terminal 1 transmits 
this message either using the maximum transmit power level or, in case that 

35 information about the link quality to the second mobile terminal 15 is known, 
an accordingly lower transmit power level. As stated above, such information 
about the radio link quality between all mobile terminals within a network can 



mobile terminal to increase /decrease its transmit power level by a certain 
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1 be taken from a topology map of the network which might be created by the 
central controller 18 during a network calibration process. 

Thereafter, the second mobile terminal 15 receives in step S2 this message, 
5 measures the received signal quality and replies to the first mobile terminal 1 
by sending a message with the recommendation how to adjust the transmit 
power level and optionally both MAC-IDs as well as its own transmitter power 
level and its desired received power level. The recommendation to the first mo- 
bile terminal 1 how to adjust its transmit power level is preferably given as a 
10 certain value. The power level of the second mobile terminal 15 is set similar 
to the power level of the first mobile terminal 1. 



In the last step S3 the first mobile terminal MT1 transmits the message with 
the recommendation how the second mobile terminal 15 should amend its 
15 power level by a certain value and optionally both MAC-IDs as well as its own 
transmit power level and its desired received power level. This message is 
transmitted to the second mobile terminal 15 with the transmit power level ad- 
justed according to the recommendation of the second mobile terminal gener- 
ated and transmitted in step S2. 

20 

If time slots for the direct mode transmit power control according to the 
present invention are granted in each frame, three frames are required to per- 
form the transmit power control. During this time data can be transmitted us- 
ing the power level identified during calibration. 

25 

According to a further embodiment, the second mobile terminal 15 transmits 
its message in step S2 using an appropriate transmit power level based on the 
received signal quality from the first mobile terminal 1 and the desired 
received signal quality thereof. In this case, step S3 might be redundant and 
30 therefore skipped. However, if the first mobile terminal 1 is located in a noisy 
environment and requires a higher signal strength from the second mobile ter- 
minal 15, step S3 should be carried out to adjust the transmit power level of 
the second mobile terminal 15 accordingly. 

35 Preferably, the transmit power level gets dynamically updated every time one of 
the peer mobile terminals finds it necessary. Therefore, each mobile terminal 
monitors the received signal quality and if a mobile terminal detects a devia- 
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1 tion of a signal quality above a certain threshold, it notifies the peer mobile 
terminal to increase or decrease its transmit power level accordingly with a 
recommendation message according to the present invention. Preferably, the 
threshold level is set to the wanted power level ± 3 dB. 

5 

As mentioned above, a wireless network to be adapted according to the present 
invention is not necessarily, but preferably an IEEE 1394 based HIPERLAN 
type 2 network and a network device according to the present invention is 
preferably a mobile terminal to introduce a transmit power control for direct 
10 mode, but according to the present invention also transmit power control 
in-between the mobile terminal and the central controller/access point can be 
performed. 

To exchange the control messages which are generated according to the above 
15 exemplary embodiment by the direct mode transmit power control encoder 10 
and decoded by the direct mode transmit power control decoder 9, a dedicated 
control channel can be used that conveys radio control protocol messages in 
direct mode. 

20 



25 



30 



35 
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1 1. Network device for a wireless network, characterized by means (5, 6, 9, 
10) to adjust its transmit power on basis of a recommendation for the transmit 
power regulation received from another network device and to generate a rec- 
ommendation for the transmit power regulation for another network device on 

5 basis of the transmission signal received from said other network device. 

2. Network device according to claim 1, characterized by a transmit power 
control decoder (9) that receives a transmit power control signal and decodes 
therefrom a recommendation signal indicating the amount to change the trans- 

10 nait power. 

3. Network device according to claim 1 or 2, characterized by a transmit 
power control encoder (10) that receives a transmit power deviation signal and 
encodes therefrom a transmit power control signal. 

15 

4. Network device according to anyone of claims 1 to 3, characterized in 
that it is a mobile terminal or a central controller. 

5. Network device according to. anyone of claims 1 to 4, characterized in 
20 that it is used in an IEEE 1394 based HIPERLAN type 2 network. 

6. Method to perform a transmit power control in-between a first network 
device (1) and a second network device (15) of a wireless network, character- 
ized by the following steps: 

25 " transmitting a message from the first network device(l) to the second 

network device (15); 

- measuring the received signal quality of the signal carrying said mes- 
sage within the second network device, comparing it to the wanted received 
signal quality within the second network device (15), and based on this gener- 

30 ating and transmitting a recommendation from the second network device (15) 
to the first network device (1) how to adjust its transmit power; and 

- adjusting the transmission power within the first network device (1) on 
basis of the received recommendation how to adjust its transmit power. 



Method according to claim 6. characterized by the following additional 
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1 steps: 

- measuring the received signal quality of the signal carrying said recom- 
mendation within the first network device, comparing it to the wanted received 
signal quality within the first network device (1), and based on this generating 

5 and transmitting a recommendation from the first network device (1) to the 
second network device (15) how to adjust its transmit power: and 

- adjusting the transmission power within the second network device 
(15) on basis of the received recommendation how to adjust its transmit power. 

10 8. Method according to claim 6 or 7, characterized in that the first trans- 
mitted message from the first network device (1) to the second network device 
(15) and/or the signal carrying the recommendation for the first network de- 
vice how to adjust its transmit power has the maximum transmit power level of 
the first network device (1). 

15 

9. Method according to claim 6 or 7, characterized in that the first trans- 
mitted message from the first network device (1) to the second network device 
(15) and/or the signal carrying the recommendation for the first network de- 
vice how to adjust its transmit power has a transmit power level determined on 

20 basis of a topology map of the network indicating the quality of connectivity of 
all network devices within the network. 

10. Method according to claim 6 or 7, characterized in that the signal car- 
rying the recommendation for the first network device how to adjust its trans- 

25 mit power has a transmit power level determined on basis of an information in- 
dicating the wanted received power level and the transmit power level of the 
first network device (1) which is transmitted with the first transmitted message 
from the first network device (1) to the second network device (15) and the re- 
ceived power level of said message at the second network device (15). 

30 

11. Method according to anyone of claims 6 to 10, characterized in that a 
recommendation for a network device how to adjust its transmit power is al- 
ways given from a peer network device in case the received power level exceeds 
a maximum deviation. 

35 

12. Method according to anyone of claims 6 to 10, characterized in that it 
is performed within a network device according to anyone of claims 1 to 6. 
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A transmit power control applicable for direct mode in a central controller 
based wireless network is described whereby direct mode indicates a direct 
communication of two network terminals (1, 15) without routing the traffic 
through the central controller (18). According to the present invention the 
transmit power control is performed by means of exchanging messages (SI, S2. 
S3) between the peer network devices (1, 15) in which recommendations for 
power control are carried. After grant of resources (SO) by the central control- 
ler (18) for the peer mobile terminals (1. 15) to exchange such messages which 
neccessarily contain a recommendation to the peer neetwork device to in- 
crease/decrease its transmit power level by a certain value, a first message 
(SI) is send from one network device (1) to the other network device (15) which 
receives this message and measures its signal strength to determine the 
needed adjustment to set the transmit power level of the first device so that a 
desired received power level of the second device is achieved. This adjustment 
value is then transmitted in a second step (S2) as recommendation value 
whereafter the first device can similary recommend an adjustment of the 
transmit power level of the second device on basis of the message received in 
the second step (S2) in a third step (S3). 



(Fig. 2) 
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